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nIlTROUCCTIO

A continuing study of uppar atzosphorio winds over the lover

West Indies has been made possiLble by the firing of high altitude

ballistic probes from a sixtemn-inch gun located an the Island of

Barbados. These firings are being carried out by the U. S. Arzy

Ballistics Research Laboratories, Aberdeen Proving Ground, Maryland,

under the direction of Dr. Charles H. |(urphy, and by the Space Research

Institute of McGill University, Canada, under the direction of

Dr. G. V. Bull.

Atmospheric winds are studied by releasing cheaical trails from

the gun-fired probes during the upper portion of their trajectories.

.o date, the primary ohedical which has been released is trimethyl

aluminum (THA). TMA produces a ohemilwiinescent glow in regions of

Ithe atmosphere above 85 kilometers, thus allowing the trails to be

photographed while being distorted by upper atmosphere winds. The

hotographs are then reduced to provide wind information by SIR,

' ing oomputer techniqxes.

The purpose of this report is to sumarize results of these

3ituvles for the period from 1ioveaber 16 through November Z3, 1965.

kr6"4ous results are covered in Technical Report No. 1, issued

November, 1965, and Technical Report No. 2 issued March, 1966.
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DATA ACQUISITCS

The checdcal trails are fred alaost vertioafll over the

F i'lard of Barbadoe (lon1gitude 5 9 0.*W, latitude 13.0'N) and extend

fr-o an altitude of 85 kilaeters through apogee. Ia scue firings, ThA

is also releasod on the down leg of thJo trajectory. To the unaided eye,

the ohemical release first appears as a straight white trail resembling

a jot contrail. Within a minute or so, the trail is distorted into

st~rsnge vhapes by the upper ataospheric winds (see Fig. 1) and fades

fx-oz viev within approxiiate fifteen minutes after initial release.

Space Instruwants Research has established eight photographic

..-irulation utation,; on the islands of Barbados, St. Vinoent, Grenada,

iL.Za i'obago, with two sites per island. These islands are located to

th., wst and south of Barbados at distances of 190 to 290 kiloeters

(sa Fig. 2). While only one site on each of two islands is required

for data reduction purposes, the eight sites have been found necessary

beoause of cloud conditions in the area.

J&qntdiUL at aoh wte, built by SIR, consists of a camera unit

;,rtxtning two sevon-inch focal length cameras mounted on a concrete

1. p.dest2l, aw an elootrenio control. Cameras are automatically pulsed

t o "ake exposures of 3, 6, and 12 seconds duration every 30 seconds.

Since commarcial power is either unreliable or unavailable at

m bt zite locations, SIR has developed a battery operated 135-volt poawr

supply for the control equipment. The power supply is tuning-fork oon-

Ut-oUled and provides 60 cycle power with an accuracy of 0.005% for the
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camera programer so that pictures can be taken simultaneously at each

site. A data chamber nounted on each oamera unit records time, shot

nuber, and site information in the corner of each frame of film.

A short wave radio net ocnnecting all sites and the launch

control center has been installed by SIR to enable the launch control

officer on Barbados to be inforaed of weather conditions on the islands

and to synchronise pioture-taking operations with the firing of the gun.

Most sites are operated by local personnel who have been trained by SIR.

During a typical night's operation, the gun ix fired at one to

two-hour intervals, frcu sunset to sunrise. Photographs are taken by

all site, during the tine that the trail is visible. The film is

raturned to AtIlanta for processing and data reduction.
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I DATA REUCTIO

Several computer programs have been developed which make it

-ossible to calculate upper atmosphere winds from measuraments made

directly on the photographs of the luminous trails.

Since the method usod is basically three-dimensional triargul.ticn

using 7,phbrloal trigoncoutry, it is necessary to know precisely the

kdirection e cami eAera vas pointed during a given firing The d1rection

• . tterfined by first taking accurate measurements of the Iocations

o, 4av;ra-. star images on the film, and then computing the azimuth and

e tion of the optical axis of the camera by me&ns of a ocaputor

* Z7-z computer program =kes use of the celestial coordinates

ome 6,000 stars uiioh have been btored on magnetic tape.

'find spe-eds and directions are then determined from the location

o." aCo trail in :paoe at a succession of known times. The looation is

: ,i.a, using cither a point location program or a trail location program,

1- Dr both, and depends on the nature of the chemical release.

Point location method. It tha chrdaoal release exhibits discrete

',.,t4 (re.*. iag oither frox fi'Wul1nco or from the nature of th3

1. -, Mechanirm) and these points can be identified on films from two

: .: ro islands, th, point location program can be used to caloulato

I. 4.r,.I k tiod .,fX each point in Longitude, latitudo, ani altitude abova

. lvol.

These calculations aro made from data taken at successive times.

vir,2 program is then used to calculate both vertical and horiiontal

w.nd- from thu motion of these points as a function of time.

I



Trail location method. Most of the cheiioal releases produco

a smooth trail having few, if a, identiftable points. In such cases,

film coordinates of a large number of inoemental points along the

film image of the trail are fed into the computer from data from two

or more islands. The trail location program attempts to triangulate

each point from one site with many points from another site, finally

choosing points from both sites whose optical paths from camera into

space form the closest spatial intersection. After doing many hundreds

of such calwalatiors, the ocuputer is able to construct coordinates

for a athwitioda curve in the shape of the trail in space. Then, as

with the point location program, winds can be determined from the motion

of the curve with time. Here, however, it muat be assmed that vertical

wir.db are essentially sero. This assumption is borne out by previous

studios whioh have shown vertical winds in this altitude region to be

of the order of a few meters per second compared to horizontal winds

ranging up to 150 meters per second.

Corrections for variables such as atmospheric refraction, rotation

of camera about optical axis, and camera focal length, are incorporated

into the programs to maintain high accuracy. Focal length and camera

rotation are in fact calculated from measurements of the positions of

star images on the films.
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INTERPRETATION OF DATA

In the remainder or this report, horizontal wind velocities are

presented in tabular form and in plots of wind speed, direction, and

oomponent-5.

Wi wis were calculated at altitude intervals of one kilometer.

Points on the various plots show the actual computed resutt, as listed

in the table preceding the plot. A curve has been fitted to each set

jof points to aid in detecting wind patterns and to indicate reliability

of he plotted results. Each curve has been drawn with a knowledge of

inotermedi.ate results leading to the wind calculations and of the con-

sistency of the winds as calculated between each of the five or six time

. intervals used. In cases where point-to-point curve fitting was not

thought to reflect actual variations in wind speed, direction, or com-

ponents, a more appropriate smooth curve has been drawn. Otherwise,

the curves are fitted directly to the data points. Results of certain

portions of the trails are at times less accurate than others due to

the spaoiul orientation of those trail segments relative to the availa-

ble photographic stations. Less accurate data also can result from

phot graphs ob3oured by haze and clouds and from trails of short duration.

Wind speed plot. This plot shows the speed of the wind vector

in aeters per second as a function of height in kiloueters above sea

level.

Wind direction plot. The wind vector is uonsidered to point in

1the direction toward which the wind is moving. The direction plot shows

1the direction of this vector in degrees clockwise from norLh as seen

from above. Thus, a wir.i direction toward the east would be 90 degrees.
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hflpd ocarpoents plot. While plots of wind direction and opeed

do completely describe the wind vector, it has been found helpful in

studying wind patterns to presezt the north-south and east-wost velocity

coiponents of the vector. In the north-south plot, north is positive;

south is negative. In the cast-wst plot, east is positive, wont

negative. Ccsponents are plotted in "atars per second versus height

in kilometers.

The wind direction and components described above are reforenced

to true north. In addition, ocponents have boon calculated relative

to magnetio north for omuparison with other ionospherio phono.era.

These components are not plotted, but are listed in the tabulations

preceding each set of plots.
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Fig. 1

Photographs of firing Christ Church

4 -

j Photographs taken 154 seconds after firing:

Barbados St. Vincent Tobago

These pictures were taken from three isl.ands just as the vehicle reached
apogee. Note that the winds have already dist-arted the trail. u~m

ind.~t;3ltt1dcin KiAlwetere.

Photographs taken 244 seconds after firing:

Barbados St. Vincent Tobago

This set of pictures was taken at completion of the downtrail. The uptrail
shows Nthe continued effect of the winds, while the lower part of the downtril
is new and only slightly distorted. Stars can be seen in the background of
these pictures. The positions of these stars are used to determine the exact
direction each camera was aimed.
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Loostion of S.I.R. photographio stations

SY VINCENT BARADOS 
9

Neldams Poia!

ground plot

T + 318
(keights In k.)

- GRENADA - ____-2'

4 OBAGO

! miles
VENEZUELA o ,o AG o 5," lie

TRINIDAD

L , Z-0" 159"

Two stations arec octed on each of the four islands, as shown. While only
one station on each o s,uw two islands is sufficient for detormination of
jixAs by triawgulati.m several stations were found necessary because of
orovalent cloud conr-tians in the ara. Accuracy of the data reduction is
also increased by uso el fims from more than two islands.

-9-



SNWPSIS OF REULT

a

The followin eemeus may be helpful in interpreting the datar oontainsd in this report. Only those shots with unusual oharaoteris-

tics are discussed.

- , NYorkshire

This release differed frc, the others in that ceslun, rather than

IM, ras released. The cheioal was released as a point, rather than

a trail, at T + 94 seconds at an altitude of 101 km, ramAini visible

for rougly 100 seconds.

t. The release shote6a a considerable vertical otion, about 38 meter

per second, riving to above 105 kma before fading from view. The wind

L - is shom plotted for 103 ki,, the average height.

I No, 31, Christ Church

Uptrail and doatrail results were quite vimilar for this trail.

While there were some differences between uptr il and dotrail veloci-

ties, at all. altitAes the posidble errors were large mough that there

L iy be no actual differisoes between up and dawn winds.

No 2, oer
Uptrail results were generally better than dovtrail, so the curve

wus fitted closer to uptrail results over most of the trail. However,

above 115 Im there seemed to be a significant difference between up and

down results, so two curves were drawn.

No-3,Foul az

Here up and down results were in fair agreemnt over all of the

trail except for 103 through 105 km. IntermadlAte steps in the data

reduction showed that vbile the maximum amth wind ooourred at 105 km

-10-
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in the aptrail, the max:.Ju was around 103 i in the downtiail.

No. 41. ROokisy

Note that in the Owind direction plot, altitudes 129 and 130 ka

do not fit the curve at all well. This is because the wind was prao-

tioa3ly oalu," thus wind direction has little meaning and large

possible errors uben oloulated.

No, 42. sowe1

Seavell had poor fila data, causing part of the wind profile

results to be quite pow. The lowest part (from 93 to 103 ks) was

good enogh that we could put a ourve through the data points with some

oonfidenoe. However, from 104 to 110 ka, we feel that there Ma- be

oonsiderable error in th. plotted points, thus a dotted eurve was drawn.

Above 104 km the results were better. Note that at 110 km a calm wind

caused poor direction results, as with shot Rockley.
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UMX OF TRAIL XW(UAIW

Trail
NOL Name DateTm(S) ftud Lie)

30 YorkszUre 16 Nov. 1965 18:15:00 101

31 Christ
Church 17 Nov. 1965 18:15:00 92-119

32 Dover 17 Nov. 1965 19:34:00 91-122

33 Nil By 17 Nov. 1965 23:15:00 93-127

34 GiKin 18 Now. 1965 ooM45,00 96-1I.7

35 Iadan
G md 18 Nov. 1965 03:00:00 98-117

36 Jamstolm 18 Nov. 1965 05:08:00 93-119

37 Lxuor1 22 Nov. 1965 18:09,00 94-120

38 Needams
Point 22 Nov. 1965 19:30:00 93-134

39 Paragon 22 Nov. 1965 22:59:00 99-126

40 Qn.e.s Fort 23 Nov. 1965 01:31:00 100-133

41 Rooklsy 23 Nov. 1965 03:28:00 95-138

4Z Seausll 23 Nov. 1965 05:16:30 91-130

-13-



if

'F

TAk.BLATIONS AkD PLOTS
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TRAIL NO. 30 YORKSHIRE

BARBADOS 16 NOVEMBER 1965 18:15:00

WIND WIND WIND OOMPONE T (x/s)
ALTITUDE HEADING VELOCITY GEOGRAPHIC MAGNETIO

(Ku) (DEG) (WS) N-B E-W 1-B E-W

i03.0 337.7 92.4 85.5 -35.1 90.8 -17.1

NO PLOTS ARE SHOWN FOR THIS RELEASE
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TRAIL NO. 31 CHRIST CHURCH
BARBADOS 17 NOVEMBER 1965 18-15-00 AST

£UP TRAIL

WIND WIND WIND COMPONENTS (M/S)
ALTITUDE HEADING VELOCITY GEOGRAPHIC MAGNETIC

(KM) (DEG) (M/S) N-S E-W N-S E-W
93.0 45*7 27.4 19.1 19.6 14.7 23.1

|. 94,0 303.6 14.9 8.3 -12.5 10.7 -10.6
95.0 271.4 22.1 0.6 -22.1 5.1 -21.5
96,0 2603,1 36.7 -1.2 -36.7 6.2 -36.2
97.0 2910? 55.7 20.2 -51.9 300. -46.7
9800 391*2 77*6 40*2 -66o4 52,8 -56,9
9990 304o6 85,8 4897 -70,6 62.0 -59v3

1L 100,0 307.0 94,3 56*8 -75.3 70o9 -62.3
10109 307.6 114.8 70.1 -90.9 87.0 -74.8
102.0 308.8 124.9 78.3 -97.3 96.4 -79.5
103.0 307'3 136.3 82.6 -108.3 102.8 -89.4
104.0 300.4 141.4 71.6 -121.9 94.8 -104.9
1Q5.0 296.1 124.4 54.8 -111.7 76o3 -98.3
1Q6.Q 284.1 88.4 21.6 -85.7 38.5 -79.6
107,0 278.5 71.7 10.6 -70.9 24.7 -67.3
108.0 266.5 52.9 -3.2 -52,8 7.5 -52.4
109.0 247,9 44.1 -16.6 -40.9 -8.0 -43.4
II8,0 230.2 46.5 -29.7 -35.7 -21.9 -41,0

- 1119. 223.8 58o5 -4292 -40.4 -33.2 -48.1
112.0 238,4 50o6 -26.5 -43.1 -17.2 -47.6
113.0 268.8 32.1 -0.7 -32.1 5o8 -31.6
114.0 321.9 28.8 22.6 -17.7 25.7 -12.8
115,0 3.1 45,8 4597 2.5 44o3 11.7
116.0 10.7 56o5 55.5 10.5 52.2 21o5
117.0 13e4 61.0 59.4 14ol 55.3 25.8
1180 15.5 67.7 65.2 18.1 60.2 30e9
1190 19.4 85.0 80.2 28.2 72.8 43,8
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TRAIL NO* 31 CHRIST CHURCH

BARBADOS 17 NOVEMBER 1965 18-15-00 AST

D9WN TRAIL

WIND WIND WIND COMPONENTS (M/S)

ALTITUDE HEADING VELOCITY GEOGRAPHIC MAGNETIC

(KM) (DEG) (M/S) N-S E-W N-S E-W

92.Q 69.1 18.0 6.4 16.8 2.9 17.7

93.0 44.3 26.9 19.3 18.8 15.1 22.3

94.0 279.1 15.4 2.4 -15.2 5.4 -14.4

95.0 247.2 28.1 -10*9 -25.9 -5.4 -27.6

96.0 261.4 36o8 -5.5 -36.4 2.0 -36.8

97.0 289.8 50.4 17.1 -47.4 26.3 -43.0

98,0 301.7 74.3 39.0 -63.3 51.0 -54.1

99.0 304.7 88.4 50.4 -72.7 64.1 -61.0

100. 307.9 95.6 5897 -75o5 i2o8 -62o1

1010 310.3 112.8 72.9 -86.0 88.8 -69.5

102.0 308.5 125.0 77.8 -97o8 96.0 -80.0

103.0 308.2 123.5 76.3 -97.1 94.4 -79.7

104.o 305.4 128.2 74s3 -104.5 93.9 -87.3

105.0 294.3 114.l 46.9 -104.0 67.0 -924

106.0 290.8 93.4 33.2 -87.3 50.2 -78.8

07.9 273.9 70.1 4o7 -70.0 18.8 -67.6

108.0 262.6 48.8 -6.3 -48.4 3.6 -48.7

IOQ.Q 238.7 41.8 -21.7 -35.7 -14.0 -39.4

1Iu.Q 2219.8 512 -381 -34.2 -30.4 -41.2

il.0 219.3 54.0 -41.8 -34.2 -34.0 -41.9

112.0 236.7 37.3 -20.5 -31e2 -13.8 -34.7

113.0 248.0 31.9 -12.0 -29.6 -508 -31.4

1
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WIND COMPONENTS TRAIL NO 31 CHRIST CHURCH
UP D NORTH-SOUTH 17 NOVEMBER 1965 18:15:00 AST

A £ EAST-WEST H.A.R.R BARBADOS
IW" ' I .... " -' 1 1 ' '" "

131

134

130

126

122

116i

HEIGHT
(KM)

114

110

106

102

90

9490

-120 -80 -40 0 40 so 120
SPEED (M/S)



WIND SPEED TRAIL NO. 31 CHRIST CHURCH

* UP TRAIL 17 NOVEMBER 1965 I:15:00 AST

A DOWN TRAIL H.A.R.P. BARBADOS

. . " I I ' 1 " ' 1 --

134

130

126

122

HEIGHT
(KM)

114

110 '

108

102

98

94

90

I !I I ' j
40 80 120 160

SPEED (M/S)



WIND DIRECTION TRAIL NO. 31 CHRIST CHURCH

17 NOVEMBER 1965 18:15:00 ASTSUP TRAIL

A DOWN TRA!L H.A.R.R BARBADOS

I ' "' ' I ' I ' I ... I '1

138

134

130

126

122

HEIGHT
(KM)

114

* 110

106*4 ], IOI
102

984

0£-
94

I I ! I I , I ,, I , I

80 160 240 320 40 120 200

DIRECTION (DEG)



TRAILr NO, 32 DOVER
BARBADOS 17 NOVEMBER 1965 19-34-00 AST
WP TRAIL

WINO WIND WIND COMPONENTS (MIS)
ALTITWDE HEADING VELOCITY GEOGRAPHIC MAGNETIC

IK.M) (DEG) CM/S) N-5 E-W N-5 E-W
91.10 328.9 27.4 23.5 -14.1 25.9 -9.1
'-200 344.8 27.5 26.5 -7.2 27.4 -1.7
93.0 356.9 39.0 39.0 -2.1 38.6 5.8
5-4.,0 334.9 42.3 38.3 -1749 41.1 -9.8

9 32 3.*2 44.6 35.1,7 -26.7 40.4 -18.9
96#0 313.5 50.6 34.8 -36.7 41.5 8997.0 312.8 56.9 38.7 -41a8 46o4 -33.1
98.0 316.1 6295 45.1 -43o3 52.9 -33.3
9910 317.0 77.4 56.5 -52.8 66.0 -40.3
ioQ 315.9 82.5 59.2 -57o5 69.6 -44.3

,-).0 317.9 84.9 62.9 -56.9 73.1 -43.0
4,*) 315o9 90.4 64#9 -62.9 76o3 -48.5

103.0 312.3 117.7 79.2 -87.1 95.2 -69.3
i44 31198 103.7 69.1 -77.3 83o3 -61.7
Q50 314.4 73.7 51.6 -52.7 61.2 -41.2
V60 312v7 53.0 36.0 -38.9 43.1 -30.8

288.7 20.7 6.6 -19.6 10.4 -17.99
:i 216.0 10.5 -8.5 -6.2 -7.1 -7.8
70 171.0 19.0 -18 8 3.0 -19.0 -0.9

I a0 17296 22.7 -22.5 2.9 -22.6 -1.7
111.0 188.5 22.0 -21.8 -3.3 -20.7 -7.6
11290 293.3 10.5 -9.1 -4.2 -8.7 -6.1
1130 334.6 15.7 14.1 -6.7 15.2 -3.7
114.0 356.9 27.1 27.0 -1.4 26.7 4.1
11500 7.3 47.1 46.1 6.0 44o5 15.3116.0 9.7 54o2 53.4 9.1 50.5 19,7
117.0 12.2 56.1 54*9 11.9 51.4 22,8
118.0 13.9 55.8 54.2 13.4 50o4 24.1
119.0 9.3 44.3 43.7 7.1 41.4 15.8
120.0 4.3 38.2 38.1 2.9 36.7 10.5
121.0 358.7 33o6 33o6 -0.8 33.1 6.0122.0g 356&4 35.9 35.8 -2.2 35.5 5.1



TRAIL NO. 32 DOVER
BARBADO 17 NOVEMBER 1965 19-34-00 AST
DOWN TRAIL

WIND WIND WIND COMPONENTS (M/S)
ALTITWDE HEADING VELOCITY GEOGRAPHIC MAGNETIC

fKm) (DEG) (M/S) N-S E-W N-S E-W
106.0 322.5 67.5 53.6 -41.1 60.8 -29.4
10760 310.8 50.1 32.7 -37.9 39,7 -30.5
108. 290.9 11.2 4.0 -10o4 6.0 -9.4
lO.O 138.9 14.0 -10.5 9.2 -12.1 6.9
110.0 172.2 29,9 -29.6 4.0 -29.8 -2.1
111.0 218.1 18.7 -14.7 -11.6 -12.1 -14.3
112cG 236.3 6.3 -3.5 -5.@2 -2.4 -5.8
I!..*Q 347.4 21.3 20.8 -4.7 21.3 -0.4
114. 7.4 24s5 24o3 3.1 23.2 7.9
115o0 1.3 42.5 42.5 0.9 41.4 9.5
116.0 8.3 41.6 41,2 6.0 39.1 14.2
117.0 24.1 40.9 37.3 16.7 33.2 23.9
118.0 35.2 36t8 30.1 21.2 25.2 26.8
119,0 32o9 30.2 25.4 16.4 21.6 21.2
120.0 48.2 3097 20.5 22.9 15,4 26.6
121*0 23o8 23.3 21.3 9.4 1900 13.5



WIND COMPONENTS TRAIL NO. 32 DOVER

o DOWNOT-UH 17 NOVEMBER 1965 19:34:00 AST

* & EAST-WEST H.A.R.R. BARBADOS

138

134

130

126

122

HEIGHT
(KM)

114£

106

102

98

94

90

-120 -80 -40 0 40 80 120
SPEED (M/S)



WIND SPEED TRAIL NO. 32 DOVER

0 UP TRAIL 17 NOVEMBER 1965 19:34:00 AST

A DOWN TRAIL H.A.R.P. BARBADOS

138

134

130

126

122

118
HEIGHT

(KM)
44 114

i110 -

106

102

98

94

90

40 80 120 160
SPEED (M/S)



WIND DIRECTION TRAIL NO. 32 DOVER

17 NOVEMBER 1965 19:34:00 ASTSUP TRAIL

£ DOWN TRAIL H.A.R.P BARBADOS
.... I y ' f I '1 I ... '
mf

138

134

130

126

122 4

4'EIGHT

114

113- • •

106

102

94

so

* I , 1 , I -- I i I ,

s0 10 240 320 41 120 2fl

DIRECTION (DEG)



TRAIL NO. 33 FOUL BAY
BARBADOS 17 NOVEMBER 1965 23-15-00 AST
UP TRAIL

WIND WIND WIND COMPONENTS (M/S)
ALTITUDE HEADING VELOCITY GEOGRAPHIC MAGNETIC

IKM) (DEG) (MIS) N-S E-W N-S E-w
93.0 359.4 108.0 108.0 -1.1 106.0 20.8
94.g 0.6 114.7 114.7 1.3 112.1 24.5
95.0 1.5 113.7 113.6 2.9 110.7 25.8
96&Q 352.1 122.7 121.6 -16.9 122.5 8.0
97.0 349.2 125.2 123.0 -23.5 125.2 1.9
98.0 355.4 95.4 95*1 -7.6 94,7 11.8
99.0 2.4 76*6 76.5 3.2 74.3 18.6
100.0 908 71.4 70.3 12.2 66.4 26.2
101.0 16.1 69.5 66.6 19.3 61.5 32.4
102.0 341.9 35.2 33.5 -10.9 35.0 -3.9
103,0 235.4 16.3 -9.3 -13.4 -6.4 -15.0
104.0 209.4 26.9 -23.4 -13.2 -20.2 -17.7
105.0 197.6 42.6 -40.6 -12.9 -37.2 -20.8
106.0 216.4 49ot -39.6 -29.2 -32.9 -36,6
107.0 238.8 40.0 -20.7 -34.2 -13.4 -37.7
108.0 250s2 31.6 -10.7 -29.7 -4.5 -31.3
109.0 249.Z 23.4 -8.3 -21.9 -3.7 -23.1
110.0 243.6 19.6 -8.7 -17.6 -5.0 -19.0
111.0 214#7 16o2 -8.6 -9.6 -6o5 -11.1
112.0 203tl 10.6 -9.8 -4.2 -8.7 -6.1
113.0 178.3 10.0 -10.0 0.4 -9,9 -1.6
11440 I0'5 31.9 -8.5 30.7 -14.5 28.3
115.0 101.0 31,5 -6.O 31.0 -12.1 29.1
1 116.0 93.3 4.7 -2.4 41.7 -10.8 40.4
117.0 89.9 4.,7 0.1 46,7 -9.3 45.8
118.0 87.5 49.8 2.2 49.7 -7.9 49.1
119.0 8567 50.6 3.8 50.5 -6.5 50.2
120.0 83.1 50.4 6.0 50.1 -4.3 50.3
121.0 83.0 51.5 6.2 51.1 -4.3 51.3
122.0 81.5 50.1 7e4 49.6 -2.8 5091
123.0 84.8 50.7 4,6 50.5 -5.7 50.4
.24.0 84.8 80.1 7.3 79o8 -9.0 79.6
125.0 84.4 71.1 7.0 70.7 -7.4 70.7
126.0 84o7 70.9 6.6 70.6 -7.8 70.5
127.0 86.4 7290 4.5 71,8 -10.1 71.2



TRAIL NO, 33 FOUL BAY
BARBADOS 17 NOVEMBER 1965 23-15-00 AST
DOWN TRAIL

WIND WIND WIND COMPONENTS (M/S)
ALTITUDE HEADING VELOCITY GEOGRAPHIC MAGNETIC

(KM) tDEG) (M/S) N-S E-W N-S E-W
103.9 203.7 55.1 -50.4 -22.2 -44.9 -31.9
104,0 2927 51.3 -47.3 -19.8 -42.3 -29.0

-.0 20291 50.1 -46.4 -18.9 -41.6 -27,9
lOt. 214.6 43.2 -35.6 -24.5 -29.9 -31.2
107.v 229.d 34.9 -22.5 -26.7 -16.6 -30.7
I(486 256.0 26.5 -6.4 -25.7 -1.1 -26.5
10Q 258.4 22.0 -4.4 -21.5 0.0 -21.9
10,1 255.2 22.1 -5.7 -21.4 -1.3 -22,1
IllQ 251.4 22.3 -7,1 -2101 -2.7 -22.1
112,i 242.1 14.0 -6*S -12.4 -4.0 -13.5
i3.9 201.0 7.2 -6.7 -2.6 -690 -3,9
114.0 137.5 18.4 -13.6 12.4 -15.8 9.4
115.0 112,8 31.0 -12.0 28.6 -17.5 25.6
116.0 197.8 40.1 -12.3 38.2 -19.8 34,9
117.(d 190.5 45.7 -8.4 44.9 -17.3 42,3
llblo 94.6 49.9 -. 0 49.7 -14.0 47.9
1190 91,1 54.8 -101 54.8 -12.2 53,4
129.0 92.4 58.3 -2.5 58e2 -14.2 56.5
121.9 89.9 54.0 0.1 54.0 -10.8 52.9
122.0 91.4 58.7 -1.4 58.6 -13.2 57.1
123.0 90.6 58.2 -0.6 58.2 -12.4 56.9
124.0 93.0 64.7 -3.3 64.6 -16.3 62.6



WIND COMPONENTS TRAIL NO. 33 FOUL BAY
UP DOWN

17 NOVEMBER 1965 23:15:00 AST0 4 NORTH-SOUTH

A £ EAST-WEST H.A.R.P BARBADOS

' I I ! I ' I I " ' I ' 5

138

134

130

126
£ 0

122 A 0

& 0

118 -

HEIGHT 0
(KM)A(KM) 114 0

110

106

102

98

94

90 t
go--

, I ,I , I t I *

-120 -80 -40 0 40 80 120

SPEED (M/S)



WIND SPEED TRAIL NO. 33 FOUL BAY

0 UP TRAIL 17 NOVEMBER 1965 23:15:00AST

A DOWN TRAIL H.A.R.P. BARBADOS

' ' "" i " I ' I " ' f. .

131

134

130

126

122

118

HEIGHT
(KM)

114

110

106 £

102

98

94 7

90

, .. .. I , 1 , I £

40 80 120 160
SPEED (M/S)



WIND DIRECTION TRAIL NO. 3, FOUL BAY

17 NOVEMBER 1965 23:15:00 AST; • UP TRAIL

T A DOWN TRAIL H.A.R.R BARBADOS

I ' I * I1 ' ' i" ' I c I -  
'

T
131

134

130

126

122

Ila*118

HEIGHT £

(KM)
114

110

106

102

98

94

-, 90 -

pL ,, I * ! ! ! , I , *

80 160 240 320 46 120 200

j DIRECTION (DEG)



TRAIL NO* 34 GUN HILL
8ARBADOS 18 NOVEMBER 1965 00-45-00 AST

WIND WIND WIND COMPONENTS (M/SI
ALTIIUbE HEADING VELOCITY GEOGRAPHIC MAGNETIC

IKM) (DEG) (M/S) N-S E-W N-S E-W
96.0 358.5 9908 99.8 -2.7 98.3 17.5
97.0 357.1 78.4 78.3 -3.9 77.5 12.0
98.0 17.0 60.4 57.8 17.6 53.0 28.9
99.0 30.7 46.5 39.9 23.7 34o3 31.3
1000 36.0 31.6 25.6 18.6 21.3 23.4
I010 16.1 15.9 15.2 4.4 14.0 7.4
102.0 247.3 26.0 -1000 -24o0 -4.9 -25.5
103.0 205.0 44.4 -40,2 -18.7 -35.6 -26.4
10.Q 216,0 31.0 -25.0 -18.2 -20.8 -22.9

293.0 1399 -12.8 -594 -114 -7,9
106.0 167.2 11.8 -11.5 2o6 -11.8 0.2
10,19 134.2 10.2 -7.1 793 -8.4 5e7
108.0 117.4 14.8 -6.8 13.2 -9.3 11.6
109 102.2 22o5 -4.8 22.0 -9.' 20.6
119.Q 94.2 30.5 -2.3 30.4 -8.4 29.3
1i,.0 87.6 38.6 1.6 38.6 -6.2 38.1

76.1 45.5 11.0 44.2 1.8 45o5
113.0 73.9 58.3 16.2 56.0 4s5 58.1
1140 70.1 65.6 22.4 61.7 9.5 65.0
i590 65.7 71.2 29.3 64.9 15.6 69.5

116.0 66.0 85.4 347 78.0 18.2 83.4
117.0 6092 77.0 38.3 66o8 24.0 73.2
118.0 58.5 80.6 42.0 68.7 27.2 75.8
1190 57.3 83.5 45.1 70.3 30.0 78.0
1260o 55.9 83.2 46.6 68.9 31.7 76.9
121.0 5,4.5 81,9 47.6 66.7 33.1 74o9
122.0 53a3 85.0 50.8 68.1 36.0 77.0

46.8 80.0 54.8 5893 41.9 68,2
:4.9 41.5 76.2 57.0 50.5 45.6 61.0
125.0 32.3 73,3 61.9 3992 52.7 50.9
126.0 29.1 67.6 59.1 32.9 51.2 44.2
127,0 28.2 66.2 58o3 31.2 50.8 42o3



WIND COMPONENTS TRAIL NO. 34 GUN HILL
UP DOWN 18 NOVEMBER 1965 00:45:00 AST
0 a NORTH-SOUTH

A A EAST-WEST H.A.R.R BARBADOS

I ' i' ' I ° i ' ... I " I ' . .

138

134

130

126

122

118

HEIGHT
(KM)

114

110

106

102

98

94

90h

I I I i I I 1I _
-120 -80 -40 0 40 80 120

SPEED (M/S)



WIND SPEED TRAIL NO. 34 GUN HILL

0 UP TRAIL 18 NOVEMBER 1965 00:45:00 AST

A DOWN TRAIL H.A.R.P. BARBADOS

134

126

122

HEIGHT
(KM)

114

110

106

102

98

94-

90

40 80 120 160

SPEED (M/S)



WIND DIRECTION 'TRAIL NO. 34 GUN HILL

18 NOVEMBER 1965 00:45:00 ASTe UP TRAIL

A DOWN4 TRAIL H.A.R.P. BARBADOS

131

134

130

128

122

HEIGHT
(KM)

114

1101. 14 i

102

91

94

90

, . i . ., , I * I I ,* ,I i

so 160 241 320 40 121 20

DIRECTION (DEG)



TRAIL NO. 35 INDIAN GROUND

BARBADOS 18 NOVEMBER 1965 03-30-00 AST

WIND WIND WIND COMPONENTS (M/S)

ALTITUDE HEADING VELOCITY GEOGRAPHIC MAGNETIC

IKM) (DEG) (M/S) N-S E-W N-S E-w

98.0 236.0 92,1 -51.5 -76.3 -35.0 -85.1

99.0 229-6 70.8 -45.9 -51.9 -34.1 -62.1

1900. 235.6 106.5 -60.2 -87.8 -41.2 -98.2

i01ev 243.1 136.1 -61.7 -121.3 -35.9 -131.3

1Q. 246.9 148.1 -58.0 -136.2 -29.3 -i45.1

IG.o 243.0 101.6 -46.2 -90.8 -26.9 -98.3

104.0 282.5 68.3 14.7 -66.7 27.9 -62.3

105.0 323.6 57.8 46,5 -34.3 52.5 -24,2

106.0 2.3 68.5 68.5 2.7 66.5 16.5

107.0 25.8 92.4 83.2 40.2 73.4 6*2

io8.u 3U.1 97.4 84.2 48.9 72.6 64.9

109.u 36.2 102.8 83.0 60.8 69.0 76.

110.0 44,1 100,4 72.1 69.9 5".5 83.t

ll.0 52.2 103,7 63.6 81.9 45.7 9.1*

Ii2.Q 56.2 107.2 59.6 89.1 40.4 99.

" -1.0 58,5 107,6 56.3 91.8 36,6 1n',.

1.4.U 62.0 106.5 49,9 94.1 29,8 1.:

lt),o 75,9 89.2 21.7 86.5 3.b 8910,

11069 96o8 82.6 -9.8 82.0 -26.2 ?8.3

illO 1,8.8 85.8 -27.7 81.2 -43.5 73.9



WIND COMPONENTS TAIL n35 INDIAN GROUND
UP DOWN 18 NOVEMBER 1965 03:30:OOAST
0 a NORTH-SOUTH

A EAST-WEST H.A.R.P. BARBADOS
- , ' i F '-T-- ,- e ' i i

136

134

130

126

122

Il

I. HEIGHT(KM)j 
114

i 110

106

1. 102

U 98

1. 94

V I [, I 1 i , I * I I ..

-120 -80 -40 0 40 80 120
SPEED (MIS)



p

WIND SPEED TRAIL NO. 35 INDIAN GROUND

S UP TRAIL 18 NOVEMBER 1965 03:30:00 AST

A DOWN TRAIL H.A.R.P. BARBADOS

" I I " I ' -

138

134

130

126

122

118

HEIGHT
(KM)

114

110

106

102

98

94

90

a I , I I I I

40 80 120 1SO

SPEED (M/S)



WIND DIRECTION TRAIL NO. 35 INDIAN GROUND

* UP TRAIL 11 NOVEMBER 1965 03:30:OOAST
I A DOWN TRAIL H.A.R.P. BARBADOS

"- | ' " I * I ' I =' I' I ' I '

138

134

130

126

122

1118

HEIGHT(1(M)

F114

j 110

106

102

98

94

90

I I ! , * , ! , I I , *

g0 160 240 320 41 120 21

I. DIRECTION (DEG)

1



TRAIL NO. 36 JAMESTOWN

BARBADOS 18 NOVEMBER 1965 05-08-00 AST

WIND WIND WIND COMPONENTS (M/S)
ALTITIUDE HEADING VELOCITY GEOGRAPHIC MAGNETIC

(KM) (DEG) (M/S) N-S E-W N-S E-W
93.0 27890 49.0 6.9 -48.5 16.6 -46.!

9460 256.3 68.1 -16.2 -66.2 -2.5 -68.1
95.0 247,4 70,4 -27.1 -65.0 -13.4 -69.1

#6.0 241.6 80.7 -38.4 -71.0 -23.2 -77*3
Y/.Q 239.4 104.9 -53.4 -90.3 -34.0 -99.2
d. 236.4 95.3 -52.7 -79.4 -35.6 -88.4

248.1 83.3 -31.1 -77.3 -14.8 -82.0
263.4 109.2 -12.5 -108.5 9.7 -108.8
28f.3 93.5 26.3 -89.7 i3*9 -82.5

.. 399.7 65.9 42.1 -50.7 51.5 -41.I
I03.0 343.0 56.1 53.6 -16.4 55.8 -5.2
)4,Q 3.4 61.3 61.2 3o6 59.2 15.9

Iu>o 20.6 72.8 68.1 25.6 61.5 38.8
1Q6.o 32.9 81.6 68.5 44.4 58.1 57.3
17oU0 51.9 105.5 65.0 83.0 46.9 94 +

108.0 59.2 117.7 60.2 101.1 38.5 111.2
109,0 66.9 122.0 47.9 112.3 24.2 119.7
1lo.Q 70.9 123.4 40.4 116.6 16,0 122.4
1i10 91.7 130o5 -3.9 130.4 -30.2 126,9
1120 95.2 124.5 -11.3 124.0 -36.1 119.2

113.9 101.6 113.9 -22.9 1116 -45.0 104.7
114.0 12.5 93.9 -20.2 91.7 -38.3 85.7
115. 98.9 83.5 -12o8 82.5 -29.2 78.2
116.0 10998 61o5 -11.5 60.4 -23.5 56.8
117.0 191.3 40.2 -7.9 39.4 -15.7 37.0

118.0Q 196.2 40.3 -112 38.7 -18.8 35.6
119.0 94.4 49o5 -3.8 49*3 -13.7 47o5



WIND COMPONENTS TRAIL NO, 36 JAMESTOWN
UP DOWN 18 NOVEMBER 1965 05:08:OOAST
0 a NORTH-SOUTH[ & EAST-WEST H.A.R.R BARBADOS

' '1 ' I " 1.. ' I ' ' ! I ' I ' I -
138 4

134

130 -

128 -

122

111 8

S IGHT
(K i)

114 -
104

10

!.' 106

98

94

4

-120 -80 -40 0 40 80 120

SPEED (M/S)



I

WIND SPEED TRAIL NO. 36 JAMESTOWN

* UP TRAIL 18 NOVEMBER 1965 05:08:00 AST

A DOWN TRAIL H.A.R.P. BARBADOSr ' "* - I i ' ' l , j i

138 -

134

130

126

122

118
HEIGHT

(KM)
114

110

106

102

98

94

90

40 80 120 160
SPEED (M/S)



WIND DIRECTION TRAIL NO. 36 JAMESTOWN

* UP TRAIL 10 NOVEMBER 1965 05:08:00 AST
A DOWN TRAIL H.A.R.P. BARBADOS

SI ' ! "- I ' -I ' I I '" I

134

130

126

122

I11D

iEIGHT

114

tic -

106

~102-

90

94 4
90 

-

II , I , I , I..,.I....I , I

0 160 240 320 40 120 200

DIRECTION (DEG)



TRAIL NO* 37 MAXWELL

BARBADOS 22 NOVEMBER 1965 18-09-00 AST

WIND WIND WIND COMPONENTS (MIS)

ALTITUDE HEADING VELOCITY GEOGRAPHIC MAGNETIC
(KM) (DEG) (M/S) N-S E-W N-S E-W

94.g 261.4 51.7 -7.8 -51.1 2.7 -51.6

95,0 264e9 55.5 -5.0 -55.2 6.3 -55.1

96.0 279.6 62.7 0.7 -62.6 13.3 -61.2

97.0 278.8 78.3 12.0 -77.4 27.4 -73o4

98.0 287,6 86.6 26.2 -82o6 42.4 -75.6

99.0 288.0 88.3 27.3 -84.0 43o7 -76.7

100.0 290.4 88.6 30.9 -83.0 47.0 -75.0

101.0 292.4 76.4 29.2 -70.7 4299 -63.3

102.0 293.7 74e8 30.0 -68.5 43.2 -61.0

103.0 290.9 557 1908 -52.1 29.9 -4790

104,0 292.4 52.5 20.0 -48.6 29.4 -43.6

105.0 280.6 49.3 9.1 -48.5 18.7 -45.7

106.0 275.5 37.5 3.6 -37.3 111 -35o8

107.0 242.7 21.4 -9.8 -19.0 -5.8 -20.6

108.0 232.8 2094 -12.3 -16.2 -8.8 -18.4

109.0 280.1 19.0 3.3 -18.7 7.0 -17.6

110.0 311.5 28.8 19.1 -21.6 23.1 -173

111.0 332.9 42.1 37.5 -19.2 40.6 -11.2

112.0 344.2 60,5 58o2 -1695 60o3 -4.4

113.0 352v5 70.6 70.0 -9.4 70.5 4.9
114.0 355.5 76o8 76.6 -6.1 76.3 9.5

115.0 17.2 72.1 68e8 21.3 63o1 34e8

116.0 43.6 71.1 51.5 49.1 40.5 5805

117.0 56.7 68.7 37.7 57.4 25.3 63.8

118. 69.8 69o5 24.0 65.2 10.3 68.7

119.0 78.4 7296 14.6 71o2 -0.1 72.7

120,Q 82.6 76o8 9.9 76.2 -5.7 76.6
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WIND SPEED TRAIL NO. 37 MAXWELL
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[ WIND DIRECTIOiN TRAIL NO. 37 MAXWELL
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TRAIL NOo 38 NEEDHAM'S POINT
BARBADOS 22 NOVEMBER 1965 19-30-00 AST

WIND WIND WIND COMPONENTS (M/S)
ALTITUDE HEADING VELOCITY GEOGRAPHIC MAGNETIC

1KM) (DEG) (M/S) N-S E-W N-S E-W
93.0 247.4 13.0 -5.0 -12.0 -2.5 -12.8
94.0 279.7 50.7 8.5 -49.9 18.4 -47.2
95.0 281.4 71.4 14.1 -70.0 28.0 -65a7
96.Q 285.0 80.4 20.8 -77.6 36.1 -71.8
97.0 286.3 91.2 25.7 -87.5 42.9 -80.5
9860 289.7 107.1 36.0 -100.9 55.7 -91.5
99.0 296.4 95.6 42.6 -85.6 59.0 -75.2

109.0 302.8 93.2 50.5 -78.4 65.3 -66.6
101.0 316.2 85.4 61.6 -59.1 72.3 -45.4
1Q2.0 326.6 80,4 67.1 -44.3 74.7 -29.8
103.0 336,6 82.9 76.0 -33.0 81.1 -16.9
104.0 341.0 85.7 81.1 -27.9 85.1 -10.9
tQ5.9 346.0 84.0 81.5 -20.3 83.9 -3.4
106.0 345.5 73.0 70.7 -18.2 72.9 -3,5
107.0 339.7 57.9 54.3 -20.1 57.2 -8.7
108.0 319.0 33o8 25.5 -22.2 29.5 -16.6
109.0 319.6 27.1 17.7 -20.6 21.5 -16.6
110.0 266.7 28.2 -1.6 -28.1 4.1 -27.8
11I.0 205.6 23.4 -21.1 -10.1 -18.6 -14.2
112.0 109.8 25.0 -8.5 23o5 -13.1 21.3
113.0 100.0 50.6 -8.8 49.9 -18.7 47.1
114.0 103.0 58.2 -13.1 56.7 -24,3 52.9
115.0 104.8 65.0 -16.6 62.9 -29.0 58.2
116.0 112.1 68.5 -25.8 63.5 -3831 57.0
117.0 132.1 78.6 -52.7 58.3 -63.4 46.4
118.0 128.8 84e6 -53.0 66.0 -65.3 53.9
119.0 138.2 83.9 -62.6 55.9 -72.6 42.1
Izf.0 148.o 75.1 -64.1 39.1 -70.7 25.o
121.0 155(0 66o7 -60.5 28.2 -65.0 15.4
122.0 164.3 59.3 -57.1 16.0 -59.2 4.1
123.0 182.3 52.4 -52.3 -2.1 -50.8 -12.6
124.0 185.9 50.9 -50.7 -5.2 -48.6 -15.3
125.0 199.9 54.5 -51.2 -18.6 -46.4 -28.6
126.0 212.5 57.0 -48.1 -30.7 -40.9 --39.6
127.0 224,3 62.9 -45.0 -43.9 -35.2 -52.1
128.0 232.2 70.1 -43.0 -55.4 -30.9 -63.0
129.0 236.6 80,4 -44.3 -67.2 -29.8 -74,8
130.0 242.0 85.6 -40.2 -75.6 -2401 -82.2
131.0 247.2 87.8 -34.0 -81.0 -16.9 -86.2
132.0 253.6 86.9 -2495 -83.4 -7.1 -86.6
133.0 256.9 91.9 -20.9 -89.5 -2.4 -91.9
134.0 263.3 102,2 -12.0 -101.5 8.8 -101.8



* WIND COMPONENTS TRAIL NO. 38 NEEDHAMS POINT
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WIND SPEED TRAIL NO. 38 NEEDHAMS POINT
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WIND DIRECTION TRAIL NO. 38 NEEDHAMS POINT

e UP TRAIL 22 NOVEMBER 1965 19:30:OOAST
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TRAIL. NO* 39 PARAGON
BARBADOS 22 NOVEMBER 1965 22-59-00 AST

WIND WIND WIND COMPONENTS (MIS)
ALTITWDE HEADING VELOCITY GEOGRAPHIC MAGNETIC

IKM) (DEG) (MIS) N-S E-W N-S E-W
99.0 334.1 59.0 53.0 -25.8 57,1 -14.5
100.0 344.3 52.9 50.9 -14.3 52.7 -3,7
101,0 349,4 51.6 507 -9.5 51.6 0.9
102.G 354.3 50.6 50.3 -5.0 50.3 5.3
103.0 3.3 53.1 53cO 3.0 51s3 13.7
104.0 348.3 55.1 54.0 -11.2 55.1 0.0
105.0 346.8 56.4 54.9 -12.9 56.4 -1.5
106.0 358.7 57o6 57.5 -1.3 56.6 10.4
107.0 15o6 49.9 48.1 13.5 44.4 22.9
108.0 19.9 53.4 50.2 18o2 45.5 28.0
109.0 51.5 60.6 377 47o4 27o3 54.0
110.0 9000 78.7 00 78.7 -15.9 77.1
111.0 130.0 126o7 -81o4 97.1 -9904 78.6
112.0 131,3 133.6 -88.1 100.4 -106.6 80.5
113.0 132.2 137o9 -92.7 102.1 -111.4 81.2
114.0 134e2 133.1 -92o7 95o5 -110.1 74.8
11500 135.0 129.0 -91.2 9101 -107.7 70.8
116.0 133.2 130.1 -89.2 94.8 -106.5 74.8
11780 132.4 128o5 -86.7 94o9 -104.1 75.4
118.0 129o2 126.6 -80o0 98.1 -98.2 79.9
119.0 124.6 116.2 -66,0 95.7 -84.0 80,4
120.0 114o2 66.7 -27.4 60.8 -39.1 54.0
121.0 98.6 54.3 -8.2 53.7 -18.9 50.9
122.0 89.2 53.4 0,8 53.4 -10.0 52.5
123.0 64.8 41.5 17.7 37.5 9.8 40.3
124.0 33.8 44.4 37.0 24.7 31.2 31.7
125.Q 18.9 56.7 5397 18.4 48.9 28o9
126.0 358.8 78.9 78.9 -1.7 77.6 14.3
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WIND DIRECTION TRAIL No. 39 PARAGON
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TRAIL NO. 40 QUEEN F FORT

BARBADOS 23 NOVEMBER 1965 01-31-00 AST

WIND WIND WIND COMPONENTS (MIS)

AWITUDE HEAVING VELOCITY GEOGRAPHIC MAGNETIC

(KM1 1rvGr {M/-) M-5 E+ N-S E-W

ob 9 47D9 62.8

101.0 9163 4 ) Ls) -5;66.4
102,0 110.8 76.4 -. ;l 11.5 -41.0 64.5

103.0 132.9 86o9 -59.2 63.6 -709. 50.3

104,0 144.5 90.3 -73.5 52.4 -82,6 36.5

1050. 161.3 81.6 -77.2 26.2 -80.9 10.0

106.0 189.3 72.4 -72.4 -0.3 -70.8 -14.9

107.0 179.4 63.3 -63.3 0*7 -62o1 -12.1

1080 172.8 54.2 -5398 6*8 -54.1 -4,2

1090 15994 49.4 -46.3 17.4 -48.9 7.7

110.0 136.3 46.8 -33.8 3293 -39.6 2498

ll1. 127.8 47.6 -29.2 3796 -36o2 30.9

112.0 116.8 40.5 -18.3 36.2 -25.2 31.8

11300 1098 39.4 -13o4 370 -20o6 33.5

114.0 94.6 27.7 -292 27.6 -7o7 26.6

115.0 89.1 25.4 0.4 25.4 -4.7 25.0

116*0 55.8 16.2 9*1 13.4 6.2 15.0

117.0 359.2 18.2 18.2 -0.3 17.9 3.4

118.0 325.1 32.1 2693 -18.4 29.5 -12o7

119.0 310.1 59.6 38.4 -45.6 46.8 -36.9

120.0 306.3 7898 46.7 -63.5 58.6 -52.7

121.0 3049 96o4 55.2 -79.1 70.1 -6693

122.0 305.0 108o5 62o2 -88.8 78.9 -74o4

123.0 306.0 1139 66.9 -92.2 84.2 -76.8

124o0 308.3 120.8 74.8 -94.9 92.4 -77.8

125.0 310.4 125.4 81.3 -95.5 98.9 -77.1

126.0 311.8 1315 87.7 -98.0 105.7 -78.2

127.0 313.2 136.4 93.4 -99.5 111.6 -78.6

128.0 313.3 136.7 93.7 -9995 111.9 -78.5

129.0 313.2 140o8 96.4 -102.6 115,2 -81.0

130.0 311.5 139.2 92.1 -104.3 111.3 -83.5

131.0 309e2 125.1 79.0 -97.0 97.0 -790

132.0 303.1 108.9 59.5 -91o2 76.7 -77.3

133.0 300.7 106.8 54.6 -91.8 72,0 -78.9

*1



I
WIND COMPONENTS TRAIL NO. 40 QUEENS FORT
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EAST-WEST H.A.R.P. BARBADOS

138

I

134I
130

1 126

122

HEIGHT
(KM)

114

J 110

1 106

1 102

7,. 98

S94

L 90

L .. . .I a I. p I 1 p .. ..

-120 -80 -40 0 40 80 120

I. SPEED (WS)



I WIND SPEED TRAIL NO. 40 QUEENS FORT
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I WIND DIRECTION TRAIL NO. 40 QUEENS FORT
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I

TRAIL NO* 41 ROCKLEY
BARBADO& 23 NOVEMBER 1965 03-28-00 AST

WIND WIND WIND COMPONENTS (M/S)
ALTITUDE HEADING VELOCITY GEOGRAPHIC MAGNETIC

(KM) (DEG) (MIS) N-5 E-W N-S 1-W
95.0 21.2 97.1 90.5 3592 81.5 52.8
96.0 83,6 54.4 6.1 54.0 -4.9 54.1
970 98.3 55.4 -8.1 54.9 -19.0 52.1
98.0 114.4 63.2 -26.1 57.5 -37.2 51.0
99Q 140.3 71,9 -55.3 45.9 -63.4 33.8
100.0 179.8 105.1 -105.1 0.3 -103.0 -21o0
101.0 192.4 1079 -105.4 -23.2 -98.5 -44.0
102,0 201.5 113.5 -105.6 -41.6 -95.0 -62.1
103.0 209.5 116.7 -10196 -57&5 -87.9 -76.9
104.0 216.7 111.7 -89.5 -66.8 -74.1 -83.5
10500 223.9 110.8 -79.8 -76.9 -62o6 -91.4
106.0 255.1 8597 -22.1 -82.8 -4o9 -85.6
107,0 274.4 53.4 4.1 -53.3 14.8 -51,4
108.00 313.1 23.0 15.7 -16.8 18.8 -13.3
109.0 348.4 13.3 13.0 -2.7 133 0.0
119.0 40.0 19.9 15.2 12.8 12.3 15.6
11100 67.8 30.4 11.9 28.0 6.0 29.8
112.0 87o5 38*6 1.7 38.6 -6.1 38.1
113.0 91.8 42.7 -1.3 42.6 -9.9 41o5
114o0 105.1 35.0 -9.1 33.8 -15.7 31.3
115.0 101.8 40.9 -8.4 40.1 -16o3 37,6
116.0 127.9 23.8 -14.6 18.8 -18o 1595
117.0 236.1 17.9 -10.0 -14o9 -6.8 -16.6
118.0 283.5 44e5 10.4 -43.2 18.9 -40.2
119.0 294.7 49.9 20.9 -45o3 29.6 -40.1
120.0 301.4 52.6 27.4 -44e9 35.9 -3894
121.0 307,5 54,5 33.1 -43.3 41.2 -35o7
122,0 316.5 58.0 42.1 -40.0 49.3 -30,7
123*0 321.4 6197 48.2 -38.5 55.0 -28.0
124,0 327.6 66.5 56.1 -35a6 62.1 -23.5
125.0 322.8 60.3 48.0 -3695 54.4 -26.0
126.0 328.2 54,0 45.9 -28.5 50.7 -18.6
127.0 325.9 36.3 30.1 -20.4 33.6 -13.9
128.0 338*4 275 25.6 -10.1 27.1 -4.7
129.0 249.1 7.3 -2.6 -6.8 -1.2 -7.2
130,0 188.7 10.3 -10.2 -1.6 -9.7 -3,6
131.0 129.5 9.0 -57 6.9 -7.0 5.6
132.0 151.5 18.3 -16.1 8.7 -17.5 5o3
133.0 163.2 36.0 -34o5 10.4 -35.9 3e2
134.0 169.5 45.0 -42.4 1500 -44o6 6.1
135.0 151.7 51.0 -44o9 24.2 -48.9 1496
136.0 151.0 57.0 -49.9 27.6 -54o5 16.9
137.0 152.2 64.0 -56.6 29a9 -61.5 17.8
138.0 149.1 56.9 -48o9 29.2 -53.8 18.7I

I
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WIND SPEED TRAIL No. 41 ROCKLEY
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WIND DIRECTION TRAIL NO. 41 ROCKLEY
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BTRAIL NO. 42 SEAWELL
BARBADO@ 23 NOVEMBER 1965 05-16-30 AST

WIND WIND WIND COMPONENTS (M/S?
ALTITWOE HEADING VELOCITY GEOGRAPHIC MAGNETIC

IKM) (DEG) (M/S) N-S E-W N-S E-W
91.0 36.1 51.4 41.6 30.3 34%6 38.1
92e0 85.8 21.1 lot 21.1 -2.8 21,0
93.0 1571 37.8 -34.9 14.7 -37.2 7.3
94.0 192.1 94.8 -92.7 -19.9 -86.8 -38.2
95.0 211.1 126.4 -1083 -65.2 -92.9 -85.8
.6og 219.5 130.6 -10097 -83.1 -81.8 -101.7
97.0 216.9 120.6 -96.5 -72.4 -79.9 -90,4
98.0 222.3 147.5 -109.1 -99.2 -86.8 -119,2
9909 221.3 129o4 -97.2 -85.4 -77.9 -103.3

lwO.Q 225o9 125.6 -87.4 -90.2 -67.4 -106,0
itI1I0 230.0 119.7 -76e9 -91.7 -56.8 -105.4
112,Q 232.3 105.0 -6,2 -83.1 -46.1 -94o4
103.0 239.8 128.5 -64.5 -111 1 -40.7 -121.8
104.0 260.7 148.8 -24o2 -146.8 6.0 -148,7
105.0 268.4 141.2 -3.9 -141.2 24.7 -139.1
106.0 276.0 137o8 14o5 -137,0 41.9 -131,2
197.0 302.1 71.2 37.9 -60.4 49.3 -51.5
---'Sa 346.9 69.3 67.5 -15,7 69.3 -107
109,0 340.2 51.6 48.6 -17o5 51.1 -73
* .Q 237.8 19.4 -10o4 -16.4 -6.9 -18s2
11100 14.0* 30.6 -23.4 19o6 -26.9 14o5
".2.0 129.3 34,6 -21.9 26s8 -26.9 21.8
113.0 128,1 38.9 -23.9 30.6 -29.6 25.1
114.0 119.4 43.7 -21.5 38.1 -28.8 33.0
11501.2 47e8 -16.5 44o8 -25*2 40e5
i.6,Q 94.1 44.2 -3e2 44.1 -1291 42.5
117.0 77.4 38.5 8.4 37e6 0.6 38.5
118.0 2Q2.0 15.1 -14.0 -597 -12.6 -8.4:;9,0 292*5 2991 -26,9 -11*2 - 401 -16o4

197o2 36.8 -35.2 -1009 -32.3 -17o8
121.0 191.6 45.3 -44.3 -9.1 -41.5 -179
122.0 1878 49.6 -4992 -6.7 -46.8 -16*5
123,9 183.3 51o1 -51.0 -2@9 -49.4 -13.2
124.0 163#7 54.9 -52.7 15.4 -54.7 4.4
12560 159.7 58.8 -55.1 20e4 -58.1 8.8
126.0 159o3 65.7 -61.4 23.3 -6498 10.4
127*Q 159.7 72o2 -67.7 25.1 -71.4 10.9
128.0 161.5 76.4 -72.5 24.2 -75.9 9.0
129.0 161.0 75.2 -71.1 24o5 -74.6 996
130.0 1567 7397 -6797 29.1 -72e2 14o8
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WIND SPEED TRAIL NO.42 SEAWELL
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WIND DIRECTION TRAIL NO. 42 SEAWELL
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On the night of 17-18 fioveiber 1965, six'luminous trails were
produced between 91 km and 138kim by the release of tri-methyl-aluminum
from projectiles fired from a smoothb-ore.sixteen-inch gun located on
the ':est Indian island of Barbados (57.5"!, 13.1°if). An additional six
trails were produced during the night of 22-23 November 1965. These
trails were photographed from neighboring islands and analyzed to yield
wind profiles. This report contains the tabulated wind data for all
sixteen trails together with plots versus altitude of wind components,
wind speed, and wind heading.
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